Objective: To assess the survival and technical complication rate of partial and fullarch all-ceramic implant-supported fixed dental prostheses (P-FDP/FA-FDP) and supporting implants.
| INTRODUC TI ON
Planning a fixed implant-supported prosthetic rehabilitation of partially or fully edentulous patients, the practitioner finds himself faced with several questions. In fact, a variety of treatment modalities in terms of prosthesis retention (screw-retained vs. cemented), abutment design and manufacture (stock, customized stock, fully customized), framework design and material (metallic vs. non-metallic), veneering technique (over-pressed, hand-layered or fused) and veneering mode (full-, partially or nonveneered) are available. Further questions involve the indication of the restorative material according to the location in the mouth (anterior vs. posterior) or the potential strength of the material for the fabrication of a full-arch prosthesis. Sufficient data seems to be available for conventionally fabricated metal-based prostheses (Abou-Ayash, Strasding, Rücker & Att, 2017; Kern, Kern, Wolfart & Heussen, 2016) , but frequent occurrence of technical complications when used for implant-borne reconstructions (mainly chipping of the veneering layer), cost-intensive production and increasing esthetic demands contributed to push the development toward digitally driven processing methods and metal-free solutions. To date, a variety of all-ceramic or ceramic-like materials have been introduced (Gracis, Thompson, Ferencz, Silva & Bonfante, 2015) . In most cases, the indication range of such materials given by the manufacturers follows an international standard classifying dental ceramics for fixed prostheses by intended clinical use with required mechanical and chemical properties [ISO 6872:2015(E) Dentistry-Ceramic materials] . In the first instance and following the well-known principles from porcelain-fused-tometal (PFM) reconstructions, zirconia-based bi-layer reconstructions seemed to combine mechanic and esthetic properties for the fabrication of implant-supported fixed dentures while satisfying the recommendations of the above-mentioned ISO standard.
Nevertheless, the incidence of technical complications even increased, especially fractures of the veneering ceramic as reported in several clinical studies (Mendez Caramês, Pereira, da Mata, da Silva Marques & de Oliveira Francisco, 2016; Spies, Stampf & Kohal, 2015) . Keeping in mind that industrial standards and laboratory tests cannot compensate for clinical findings, treatment planning and restorative materials choice should, therefore, be preferably evidence-based (Pjetursson & Lang, 2008) . However, a lack of clinical data seems to be present, especially concerning newly developed all-ceramic restorative materials and their application for fixed multiple unit implant-supported reconstructions. Attempts to overcome the reported unfavorable technical outcome of an all-ceramic bi-layer included an improved framework design, controlled manufacturing procedures or different types of veneering methods (Swain, 2009) . Another approach to avoid technical complications associated with this technique was to develop monolithically applicable ceramic materials with sufficient fracture resistance and without compromising esthetics. However, several innovative materials (e.g., hybrid ceramics or zirconia reinforced lithium silicate glass-ceramics) are only approved for single units and the available literature is limited to laboratory investigations (Conejo, Kobayashi, Anadioti & Blatz, 2017) . At the same time, zirconia ceramics originally intended to be used as framework material or superficially stained, were further developed in terms of their reduced optical properties due to high opacity (Zhang & Lawn, 2018) . Reduced amounts of alumina with increased stabilizer content resulted in new generations of currently market-available highly translucent zirconia ceramics to be used monolithically for multiple units. However, along with improved esthetic appearance fracture strength of high-translucent zirconia materials decreased, questioning the clinical long-term outcome. Regrettably, clinical evidence for multi-unit monolithic reconstructions is still rated to be scarce (Limmer, Sanders, Reside & Cooper, 2014; Spitznagel, Horvath & Gierthmuehlen, 2017; Worni, Katsoulis, Kolgeci, Worni & Mericske-Stern, 2017) . Finally, only little is known about the potential influence of the restorative material on the survival and success rates of supporting implants (Abou-Ayash et al., 2017) . In order to help the practitioner with material selection, the aim of the present systematic review was to identify and analyze the available clinical data on all-ceramic implant-supported multiple-unit reconstructions and calculate for potential parameters (e.g., retention mode, loading mode, implant and abutment material, location in the mouth) affecting the outcome of prostheses and supporting implants.
| MATERIAL S AND ME THODS

| Study design
The PRISMA statement (preferred reporting items for systematic reviews and meta-analyses) was adopted to perform the present systematic review and meta-analysis (Moher, Liberati, Tetzlaff & Altman, 2009) . Therefore, this report is in compliance with the appropriate EQUATOR (http://www.equator-network.org) guidelines.
The PICO question (patient, intervention, comparison, outcomes) was answered like follows 
| Focused question
The focused question of the present review was "What are the survival and complication rates of implant-supported all-ceramic FDPs after a mean observation period of at least one year?".
| Search strategy
Three of the main electronic databases (MEDLINE/Pubmed, Cochrane Library and Embase) were screened for relevant articles.
Thereafter, a cross-reference was extended to the bibliography of the included articles. Specific search terms were utilized for each database and the resulting records were stored in a program used to manage references (EndNote X8.1; Thomson Reuters). Language limitations were adopted and articles written in English, German, Italian and Spanish were considered. The searching process was performed until 07/12/2017 without further time limitations.
| Screening process
For all used databases, three blocks of search terms were created and then combined ("AND"). These three blocks consisted of combinations ("OR") of free-text terms and controlled/indexed vocabulary (MEDLINE: MeSH terms, Embase: Emtree terms) and addressed (a) the reconstruction type (fixed dental prostheses), (b) the reconstruction support (dental implants) and (c) the reconstruction material (only ceramic or ceramic-like materials; Figure 1 ). An asterisk as truncation symbol at the end of some free-text terms (e. g. "fixed dental prosth*") was used to increase the sensitivity of the search (i.e., wildcard search). 
| Eligibility criteria
| Data extraction
Besides the mean follow-up time (in months), the design and setting of the investigation as well as the total number and mean age of the 
| Qualitative assessment
For the evaluation of the included RCTs, the qualitative assessment was conducted through the Cochrane Collaboration's tool F I G U R E 1 Composition of the applied search term, addressing the reconstruction type (fixed dental prostheses), the reconstruction support (dental implants) and the reconstruction material (ceramic or ceramic-like materials) by a combination of free-text terms and controlled/indexed vocabulary 
| Statistical analyses
Failure and complication rates were calculated by dividing the number of events by the corresponding total exposure time. The total exposure time was calculated by multiplying the mean follow-up time with the included reconstructions or implants, respectively. For a further analysis the negative binomial regression was used. Robust standard errors, using an empirical approximation which does not require that the model is correctly specified, were calculated to obtain 95% confidence intervals of the summary estimates of the event rates. The estimated survival after 5 years was calculated via the relationship between event rate and survival function. By assuming constant event rates, the survival function S was calculated for each time point
T by S(T) = exp(-T * event rate) (Kirkwood & Sterne, 2003a,b) . 
| RE SULTS
| Screening process (Figure 2)
The search in three databases resulted in a total of 4214 records (MEDLINE/Pubmed: 1698, Embase: 2364, Cochrane/CENTRAL: 152). After the elimination of 1311 duplicates, 2903 references remained for the initial screening of titles and abstracts. At this stage, both the screenings for the P-and FA-FDPs were conducted separately. Finally, 49 (P-FDPs) and 43 full-text articles (FA-FDPs)
were screened. Five (P-FDPs) and seven (FA-FDPs) articles were considered for qualitative synthesis. Reasons for exclusion of the remaining studies can be found in Supporting Information Table   S1 . The assessment of the reviewer's strength of agreement resulted in a Cohen's kappa coefficient of 0.85 for the P-FDPs and 0.93 for the FA-FDPs. Since only one single study in the P-FDP group reported on one-piece zirconia implants with outlying results regarding implant survival, this data was not considered for the quantitative synthesis in order to maintain comparability of both groups (P-and FA-FDPs).
| Included studies
The five studies included in the P-FDP group were published over a 5-year period between 2012 and 2017 and included 232 patients with 267 reconstructions supported by 588 implants (Table 1) FDPs with zirconia and metal frameworks (Shi et al., 2017) . All reconstructions were cemented. Except for one study including three FDPs exceeding to anterior regions, all included FDPs were entirely located in posterior areas (i.e., starting from the first or second premolar; Table 2 ). If reported, the opposing dentition Only one investigation included few monolithic zirconia reconstructions without any veneering (Venezia et al., 2015) . FA-FDPs were supported by 3-10 implants. All studies evaluated screw retained reconstructions (Table 2) . In one study, some pressed lithium disilicate single-unit crowns were intraorally cemented to the framework, described as "hybrid screw-cement-retention" . Besides one study evaluating FA-FDPs in the mandible (Sannino & Barlattani, 2016) , all other included studies included reconstructions installed in both the maxilla and mandible. Antagonist characteristics were heterogeneous (natural dentition, natural dentition and implants, all implants) with most of the studies reporting of at least some included patients with implant-supported FA-FDPs made of various restorative materials in the opposing jaw. Except for one prospective investigation , all others were analyzed retrospectively. The follow-up ranged between 1.7 and 5.6 years (mean: 3.1 years) and no drop-outs were reported (Table 3) .
| Implant survival
All included studies reported implant survival rates. Due to the inclusion of only one single study reporting on one-piece zirconia implants (Spies et al., 2015) , this data was presented but not considered for meta-analysis (Table 4) . 
TA B L E 3 Information on survival and complications of the installed implants and delivered restorations
Full-arch FDPs
Oliva et al. In all included investigations of the FA-FDP group except for one (Tartaglia et al., 2016) , no implant failures were observed. Metaanalysis resulted in an estimated failure rate of 0.1 (95% CI: 0.0-2.4) per 100 implant years, giving an estimated 5-year survival rate of 99.4% (95% CI: 88.7%-100.0%).
None of the extracted variables (Table 2 ) had significant influence on the implant survival rate in both groups (P-and FA-FDPs).
TA B L E 4 Estimated failure rates per 100 FDP/implant years and estimated survival rates after 5 years of implants and restorations. To assess heterogeneity of the study-specific event rates, the test of heterogeneity based on the negative binomial regression was used This study was not considered for meta-analysis due to heterogeneity of the implant material (zirconia one-piece implants).
| Prosthesis survival
A surviving prosthesis had to be in-situ with or without modification at the end of follow-up. As explained before, data extracted from the study of Spies et al. (2015) was presented but not considered for meta-analysis (Table 4 , Figure 3 ).
When focusing on P-FDPs, three of five studies reported no failures of the reconstructions over the course of follow-up, whereas in the remaining two studies the estimated reconstruction failure rate (per 100 FDP years) was reported to be 0.8 (Spies et al., 2015) and 1.1 (Shi et al., 2017) . The summary estimate of a total of 4 studies was 0.4 failures per 100 FDP years (95% CI: 0.1-2.3), translating into an estimated P-FDP survival rate of 98.3% (95% CI: 89.0%-99.7%) after 5 years.
In two of seven investigations of the FA-FDP group, four reconstructions needed replacement during the reported observation period (Mendez Caramês et al., 2016; Tartaglia et al., 2016) . In the remaining five studies, no replacements were necessary. The TA B L E 5 Estimated failure rates per 100 FDP years and estimated technical complication rates after 5 years of restorations. To assess heterogeneity of the study-specific event rates, the test of heterogeneity based on the negative binomial regression was used This study was not considered for meta-analysis due to heterogeneity of the implant material (zirconia one-piece implants). In both groups (if applicable), location in the mouth (maxilla/mandible), type of cement, veneering material (solely amorphous or containing a crystalline phase) and veneering technique were not found to have significant influence on reconstruction survival.
F I G U R E 3
| Technical complications
Technical complications assessed in the included investigations of both groups comprised fractures (framework and veneering material), de-cementations and screw-loosening. The latter two complications were scarcely observed: One study addressing PFDPs reported on 11 de-cementations out of 137 reconstructions after a mean observation period of 4.1 years (Shi et al., 2017) , whereas only one single reconstruction (FA-FDP) needed re-tightening of the screws (Oliva et al., 2012) . All four reconstruction failures in the FA-FDP group were due to framework fractures (Table 3 ). In the P-FDP group, no framework fractures were reported. Fractures of the veneering ceramic were observed in all included investigations of both the P-and FA-FDP group, however with highly heterogeneous frequency (Table 5, Figure 4 ). For the partial reconstructions, the estimated chipping rate per 100 FDP years ranged from 2.7 (Pozzi et al., 2012 ) to 7.6 (Spies et al., 2015) . The summary estimate derived from four studies was 5.2 events per 100 FDP years (95% CI: 3.96 -6.74), translating into an estimated chipping rate of 22.8% (95% CI:
17.9%-28.6%) or, vice versa, an estimated success rate (any chipping considered as non-success) of 77.2% (95% CI: 71.4%-82.6%) after 5 years. For the full-arch reconstructions, the estimated chipping rate per 100 FDP years ranged from 0.7 (Oliva et al., 2012) to 17.9 (Mendez Caramês et al., 2016) . The summary estimate derived from all studies was 8. 6 events per 100 FDP years (95% CI: 3.9-18.7), translating into an estimated chipping rate of 34.8% (95% CI: 32.4%-84.6%) and a success estimate of 65.2%
(95% CI: 39.3%-82.2%) after 5 years.
None of the extracted confounding variables (if applicable) were found to have a significant influence on chipping frequency.
| Qualitative assessment
RCTs ( Industrial support represented a questionable font of bias in both cases. None of the RCTs reported on the comparability of both groups (e.g., mean age and/or sex). The qualitative assessment of the included prospective and retrospective studies was conducted with the Newcastle-Ottawa Scale (NOS) for cohort investigations (Supporting Information Table S3 ). In the P-FDP group, only the study of Shi and co-workers was judged to have high methodological quality (NOS Score 8/9). Due to its retrospective design, the only point of criticism consisted of the missing baseline documentation of the outcome of interest. The remaining two studies evaluating P-FDPs either lacked representativeness of cases due to implants solely installed in the atrophic maxilla (Pozzi et al., 2012) or suffered from an inadequate drop-out rate due to a high number of failed implants (Spies et al., 2015) . Moreover, both mentioned studies did not include a control group (e.g., metal ceramic FDPs). Therefore, methodological quality was judged to be moderate (NOS Score 5/9).
A maximum score of six stars (NOS) could be assigned to the investigations addressing FA-FDPs. Except for one investigation , all studies were retrospective and lacked a sufficient baseline documentation of the outcome of interest. Only two of seven studies included a control group, but missed to report comparability of both the test and control group (Sannino & Barlattani, 2016; Tartaglia et al., 2016) . As a result, five studies were rated to show moderate (NOS Score 5-6) and two studies (Oliva F I G U R E 4 Forest plots visualizing annual chipping rates of P-and FA-FDPs et al., 2012; Venezia et al., 2015) to show low (NOS Score 4) methodological quality.
| D ISCUSS I ON
Of the included studies, all evaluated veneered zirconia reconstruc- Survival of implants supporting P-and FA-FDPs was comparable. It is important to note, that the limited number of included studies in the present review results in a high sensitivity for single outliers (e.g., studies lacking generally applicable comparability of the cohorts). This might be attributed to two of five studies of the P-FDP group, either evaluating a one-piece zirconia implant that never was released to the market due to a comparatively high rate of biological complications resulting in increased implant failure rates (Spies et al., 2015) or following a minimal invasive approach to install titanium implants in the atrophic maxilla (Pozzi et al., 2012) .
Both mentioned investigations showed the highest implant failure rates of all included studies. Implant failure in both studies was not stated to be associated with the prosthetic reconstructions. Since the only study evaluating one-piece zirconia implants showed the highest implant failure rate as explained earlier, this data was not considered for meta-analysis in order to maintain comparability of both groups (P-and FA-FDPs). Compared to the failure rates calculated for implants supporting metal ceramic P- (Pjetursson, Thoma, Jung, Zwahlen & Zembic, 2012) and FA-FDPs (Kern et al., 2016) , the presented failure rates for implants supporting all-ceramic reconstructions are within the same range. Likewise, the two included studies comparing zirconia-based with porcelain-fused-to-metal (PFM) reconstructions could not detect a significant difference regarding the implant survival rate (Esquivel-Upshaw et al., 2014; Shi et al., 2017 Oliva et al., 2012; and 44 (Mendez Caramês et al., 2016) affected reconstructions.
Considering every chipping as non-success, the calculated 5-year success estimate was as low as 77.2% in the P-FDP group and 65.2%
in the FA-FDP group. Interestingly, chipping only resulted in the need for replacements of partial FDPs even though the incidence of chippings was significantly higher for full-arch reconstructions.
This might indicate a higher threshold for the acceptance of chip-off fractures to be clinically repairable in the FA-FDP group, potentially due to the more time-and cost-intensive treatment compared to a P-FDP in case of a replacement. This indicates the need of welldefined and standardized criteria to what extent a chipping can be repaired or the entire reconstruction needs to be replaced or at least rated as failure prior to baseline. Considering the included studies comparing zirconia ceramic with metal ceramic reconstructions, one investigation found a higher incidence of minor chippings for zirconia ceramic reconstructions (Shi et al., 2017) , whereas the other could not calculate a significant difference between the different materials used for final reconstructions (Esquivel-Upshaw et al., 2014) . Interestingly, veneered zirconia-toughened alumina demonstrated a reduced chipping-rate compared to veneered zirconia after a 10-year observation period in one of the included RCTs (Larsson & Vult von Steyern, 2016) . Since only 12 alumina-based restorations, extracted from the mentioned RCT (compared to 528 zirconia-based FDPs extracted from the remaining studies), were included in the dataset of the present review, no statistical analyses evaluating a superiority of this framework material by means of a reduced chipping susceptibility were feasible.
Multiple authors of included and excluded articles needed to be contacted in order to provide necessary information for sufficient screening and extraction of relevant data for the present review and meta-analysis. This time-consuming procedure might be prevented in the future by applying and providing available checklists for randomized controlled clinical trials (CONSORT statement and checklists; Consolidated Standards of Reporting Trials; http:// www.consort-statement.org) (Schulz, Altman & Moher, 2010) as well as cohort, case control and cross-sectional studies (STROBE statement and checklists; Strengthening the reporting of observational studies in epidemiology; http://www.strobe-statement.org) (von Elm et al., 2014) . Regrettably, less than half of the included articles mentioned and only partially applied these guidelines (Esquivel-Upshaw et al., 2014; Pozzi, Holst, et al., 2015; Sannino & Barlattani, 2016; Tartaglia et al., 2016) . To date, designing, performing and reporting research according to the appropriate statement is deemed necessary by most of the available journals.
| CON CLUS IONS
Literature on all-ceramic multiple-unit implant-supported FDPs Clinical recommendations on alternative all-ceramic systems (e.g., monolithic FDPs) cannot yet be made due to the lack of data.
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